Abstract-In this paper, we proposed a new method of signal processing techniques for the application of analyzing four typical lung-sound signals (tracheal breath sounds, vesicular breath sounds, inspiratory and expiratory stridor, and stridor). First, we focus on the estimation method of the sound source number in a lung disease. Second, we calculate the time interval of each sound source signal accurately. Finally, we put the delay time and the number of sound sources as the characteristics, and study the relationships between each pathological lung sound and the characteristics. The innovation of this paper is that utilizing the cepstrum analysis as a new idea to study the pathological diagnosis of lung diseases.
I. INTRODUCTION
Lung sound signal is the random physiological signal that occurs during the ventilation process of the human respiratory system with the external environment. It contains much useful physiological and pathology information [1] . In recent years, the data acquisition and signal processing technology accelerate the research development of lung sounds in some degree. Effective acquisition, signal processing, and quantitative analysis have particular significance to the diagnosis of lung diseases.
However, lung sound recognition is still in its infancy. A major problem to achieve this goal is the difficulty to obtain sufficiently standard typical lung sound signals. Individual differences and common frequency band in different measurements, these two difficulties also result in unstable lung sound analysis is repeatability.
Research groups all over the world are devoting a lot of efforts to exploring lung sounds. Irina Hossain et al. study the heart-noise reduction technology using the wavelet transform (WT) based on filter. Results show WT based filtering reduces the lung sound average power greatly over the whole frequency range [2] . Tiago H. Falk et al. design a modulation filter to improve the separation of heart and lung sounds from breath sound recordings [3] . Le Belvedere et al. use adaptive wavelets for lung sounds analysis and successfully detect pathological changes of the lung [4] . Elvira et al. validate the accuracy of the Vibration Response Imaging (VRI) device to differentiate between chronic obstructive pulmonary disease (COPD) and heart failure (HF). The test shows that VRI seems to be a sensitive test that is superior to published data for diagnoses [5] .
In this paper, we present a new view multi-source estimation in the lung sound based on cepstrum [6] . We study the typical case and focus on the relationship between the lung multi-source vibration and the delay time. From the perspective of digital signal processing, the cepstrum analyzes the characteristics of case. Results show that lung sound signal has a variety of superimposed components. Different compositions have their own particular time cycles. At the same time, normal and abnormal lung sounds show appropriate changes in frequency spectrum, time-domain waveform, the signal cycle, and the delay time. The number of multiple sound sources and the time delay contain rich case information, and reflect the physical characteristics of lung diseases.
II. METHODS

A. A Brief Introduction to Cepstrum
The cesptrum was first described by Bogert .et. .in the 1963 as a technique for finding echo arrival times in a composite signal. These authors quickly showed that the effect of a delayed echo will manifest itself as a ripple in log spectrum. The "frequency" of this ripple is easily determined by calculating the spectrum of the log spectrum wherein this "frequency" will appear as a peak. The units of "frequency" of this ripple in the log spectrum are in units of time. The cepstrum is usually used to determine the arrival times of fundamental wavelet and its echoes and their relative amplitudes [7] .
B. Sequence Transform and Procedure of Cepstrum
The sequence of cepstrum transform is actually the Fourier transformed sequence taking the logarithm and inverse Fourier transform operation. The result is complex spectrum. The key step in the cepstrum transform occurs when ignoring the phase information. The process of complex spectrum is calculated as (1).
Where and are respectively the sequences of Fourier transformed x and the complex spectrum.
Real cepstrum calculation is as (2): Where is the real cepstrum sequence.
C. Multi-source Estimation In Lung Sound Signals
We assume that the pitch of the lung sound is . There are two other sound sources and with the time delay and , and the signal amplitude and .
The superimposed signal received from the back by the stethoscope is x .
Power spectral density of x is calculated as (4).
Then take the logarithm transform of the power trum Fourier spectrum as (5).
C is viewed as signal waveform transform that contains other sound sources. In (5) , and are the sound source delays, the peaks representing other sound sources can be observed. Further transform of equation (5) shows that cepstrum is calculated as follows:
III. DATA ACQUIRING In these days PC-based measurement systems has been widely used in the fusion science research field. In this paper, the whole system is based on an NI 6221 USB data acquisition card (DAQ), which is used to record and save the patients' sample data respectively. The user friendly software Lab VIEW offers great degree of freedom.
Data acquisitioncard works in differential mode. In gen eral, a differential measurement system is preferable becau se it rejects not only ground loop-induced but also the no ise picked up in the environment to a certain degree [7] . During the experiment, we use professional crystal Piezoty mer film-contact microphone sensor as the front-end of da ta acquisition system. Sensor is integrated with analog filt er circuits to further reduce entironment noise and heart si gnals, so that lung sounds signal remains maximally. we c ollected the data from typical cases, using sampling freque ncy of 22 kHz. According to the Nyquist Theorem, we ca n capture accurate information of lung vibration during res piration below 11 kHz. Subjects were seated in a quiet en vironment during the recordings. Lung sounds were record ed from 4 patients using piezoelectric sensor positioned on the posterior chest wall. Lung sounds from each subject were recorded five times with an approximately 3-minute rest between recordings. Subjects were instructed to mainta in a constant respiratory rate of 20 breaths per minute wh ile average inspiratory flow was adjusted from 0.4 to 1.5L /s. Each recording lasted 10 seconds (approximately two o r three respiratory cycles). Acoustic signals were stored di gitally on the system for later review and analysis.
IV. DATA PROCESSING
A. Time Domain Analysis
The original lung sound signal is displayed in Fig.2 5 . It is clear that there are periodic impacts during the prosess of respiration. It shows only the peak amplitude of signal and breathing cycle. However, it is hardly possible to evaluate the lung condition through time domain analysis. . shows that patient with vesicular breath sound has 2 breathing cycle with 10 seconds. Lung vibrates about 6 times in each cycle. Every vibration has two peaks. The first peak has less energy while the last has more than the first.
C. Analysis Using Cepstrum Transform
We can clearly detect the similar lung sounds when the cepstrum is applied in analysis. In the same respiratory cycle, different sound sources vibrate in interval within the limited time. Piezoelectric sensor receives multi-source similar waves, which are different in time delay. Cepstrum is able to analyze the number of sound sources and accurately calculate the time interval of sound sources. According to the theory of cepstrum transform, the curve of the cepstrum would likewise show a peak when the lung sounds contain another sound source. The location corresponds to the delay time. As it is observed that the cepstrum domain technique is superior to other techniques in terms of detecting the sound sources. Results of data analysis are as shown in Fig.10 13.   Fig. 9 .The spectrum of tracheobronchial Fig. 9 . illuminates that tracheobronchial sound has the band wide ranged from 100Hz 4kHz. And positions of peaks appear around 2±0.2 kHz and 3±0.2 kHz respectively. Fig. 10 .The cepstrum of stridor Fig.10 . illuminates that stridor sound has 3 sound sources. According to the amplitude, the last two sound sources have the same energy. They have time intervals of and with the first sound source respectively. Fig. 11 . The cepstrum of inspiration and expiratory stridor Fig.11 . illuminates that stridor sound has 3 sound sources. According to the amplitude, the last two sound sources have the same energy. They have time intervals of 1 4.75s and 2 5.02s with the first sound source respectively. 
V. RESULTS AND ANALYSIS
The acquired data was analyzed off-line. We introduce Fourier transform and cepstrum analysis to process data [10] , Both of which reflect the disease characteristics from different views. Fourier transform pays attention to frequency characteristics, emphasizing the energy distribution of lung sounds. While cepstrum analysis focuses on detecting the amount of sources and time delay of each. The results demonstrate that inspiratory and expiratory stridor breath sounds are mainly distributed in the low frequency part of the spectrum, and have less energy. Inspiratory stridor is common. Vesicular breath sounds belongs to narrowband signal whose energy distributes in the peak around 1.5kHz. Vesicular breath sounds are in fact produced by the air flowing through the bronchi and the bronchioles. But they have a different character (low intensity, low pitch, expiratory phase lasting 1/3 of inspiration with no gap between expiration and inspiration) from the bronchial breath sounds (high intensity, high pitch, expiratory phase lasting as much as inspiration) normally heard over the trachea. The frequency band of tracheobronchial breath sounds is relatively wider and the peak of frequency mutates largely. Stridor breath sounds with the most wide-band frequency and energy concentrated in the vicinity of 2.5 kHz. It is a high pitched wheezing sound resulting from turbulent air flow in the upper airway. It is also a physical sign that is produced by narrow or obstructed airway path. Cepstrum analysis has the ability to detect the similar multi-source signals effectively, calculate time interval of source accurately. In our experiment the results show that there are three sound sources in stridor, the last two sound sources have the two time interval with the first sound source, respectively 1 4.6s and 2 5.4s. Results of inspiratory and expiratory stridor calculation are similar to stridor in source numbers, but the differences are that the first two source time delay lags slightly, and the third sound source advances slightly. Vesicular breath sounds have two sound sources that have a time interval of 1 6.05s. Tracheobronchial breath sounds have two sound sources with interval 1 5.15s.
VI. CONCLUSIONS AND DISCUSSION
Cepstrum analysis is currently a hot research in digital signal processing area. In this paper, we first present the method of cepstrum analysis in the application of typical lung sound source signal analysis, and then focus on the relationship between the number of lung source and time delay of multi-source. Cepstrum analysis can accurately capture the multi-source signal characteristics, amount of the disease source and sound source interval. The results depend on the reliability of the data acquisition system, acquisition site and the disease severity of patients.t is very difficult to understand of the lung sounds comprehensively, so we only research four types of lung sounds as a first step. Future work includes expanding the types of lung sounds, and increasing number of samples. We will utilize time delay of multi-source and the number of sound sources as variables to study the relationship between lung sound characteristics and these variables.
